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(54) Occlusion catheter for the ascending aorta 

(57) An occlusion catheter for the ascending aorta 
capable of obstructing the blood flow within the ascend- . 
ing aorta without inserting through the femoral artery. 
The occlusion catheter is provided with a drug release 
aperture formed in the region, which is closer to the 
proximal end of the catheter tube than a balloon on the 
outer circumference of the distal end and which is to be 



located in the vicinity of the coronary ostium when the 
balloon is placed within the ascending aorta. The 
present occlusion catheter, when inserted directly into 
the ascending aorta in the vicinity of the heart to obstruct 
the blood flow therewithin, enables delivery of a cardiac 
muscle protective drug to the vicinity of the coronary os- 
tium without inserting the occlusion catheter through the 
femoral artery In the conventional manner. 
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Description 

BACKGROUND OF THE INVENTiON 
i) Field of the Invention 

[0001] The present invention relates to an occlusion 
catheterforthe ascending aorta used for obstructing the 
blood flow in the ascending aorta. 

li) Prior Art 

[0002] When a cardiac surgery is performed, the 
blood flow in the ascending aorta is obstructed generally 
using a conventional cross-clannp through an opening 
in a patients chest fonned by thoracotomy. 
[0003] Recently, there have been attempts to obstruct 
the btood flow in the ascending aorta using an occlusion 
catheter for the ascending aorta (hereinafter referred to 
as "an occlusion catheter^) inserted through a fenfK)ral 
artery, for example, without perfomning an open chest 
operation. 

[0004] An occlusion catheter of this type comprises a 
tube and a balloon disposed on the circumference of the 
distal end of the tube. The tube is inserted through the 
femoral artery and advanced through the thoracic aorta 
to the ascending aorta, in which the distal end of the 
tube is placed and the balloon is inflated, with the result 
^^hat the blood flow is obstructed. 
[0005] In another occlusion catheter, a cardiac mus- 
cle protective drug supplied from the proximal end of the 
tube is del'rvered to the distal end of the tube and re- 
leased from a drug release aperture provided at the dis- 
tal end of the tube. 

[0006] These conventional occlusion catheters, how- 
ever, have the following problems: The conventional oc- 
clusion catheter to be inserted through the femoral ar- 
tery may hinder the t>lood flow directed to the lower limb, 
particularly, of a patient whose blood vessel in the lower 
limb is thin. In such a case an occlusion catheter of this 
type cannot be used. 

[0007] The conventional occlusion catheter requires 
a guide wire in order to push the occlusion catheter 
throughout a long path from the femoral artery to the 
ascending aona. As a result, a lumen to pass the guide 
wire therethrough rriust be provided in the tube, which 
leads to a relatively large diarheter of the catheter and 
therefore a further factor of hindrance to the blood flow. 
[0008] Furthermore, since the conventionai occlusion 
catheter is long enough to extend from the femoral ar- 
tery to the ascending aorta, the flow path resistance of 
the lumen in the tube is so large that the flow rate of the 
cardiac muscle protective drug cannot be easily in- 
creased. Although the flow rate of the cardiac muscle 
protective drug can be increased by simply having a lu- 
men of a larger inner diameter, such a lumen necessarily 
requires a catheter of a larger diameter, which may 
hinder the blood flow toward the lower limb. 



[0009] When inserted through the femoral artery, the 
conventional occlusion catheter may have its balloon 
damaged in the case where the blood vessel in the lower 
limb or the aorta is calcified, or cannot be easily ad- 

5 vanced through a meandering blood vessel. 

[0010] While the tube preferably is flexible enough to 
cun^e to a certain extent for better operation in the blood 
vessel, the tube having an excessive flexibility cannot 
support the balloon which is pushed by the blood flow 

10 from a pump oxygenator or the infusion pressure of the 
cardiac muscle protective drug. In this case, the balloon 
together with the tube is to be displaced from the proper 
indwelling position. To avoid such displacement of the 
t)alloon, a substantially hard tube is generally employed 

t5 and operationallty in the blood vessel is necessarily sac- 
rificed. 

[0011] The conventional occlusion catheter has a 
structure wherein displacement of the catheter tube in 
the axial direction is easily conducted to the balloon. 

20 Specifically, when the proximal end of the catheter tube 
is displaced in the axial direction, the distal end of the 
catheter tube is also displaced in the axial direction, with 
the result that the balloon is displaced as well. Thus, it 
is not easy to retain the balloon in the proper indwelling 

25 position. 

SUMMARY OF THE INVENTION 

• 

[0012] Wherefore, it is an object of the present int^eo- 
30 tion to provide an occlusion catheter capable of ob- 
stmcting the blood flow in the ascending aorta without 
inserting the same through the femoral artery. 
[0013] Another object of the present invention is to 
provide an occlusion catheter capable of maintaining 
35 the condition where the balloon is placed in the proper 
indwelling position. 

[0014] To soh/e the above-mentioned problems asso- 
ciated with the prior art occlusion catheters, the inven- 
tors of the present invention first considered inserting 
^0 an occlusion catheter directly into the ascending aorta 
in the vicinity of the heart after opening the chest in order 
to obstruct the blood flow when a cardiac surgery is per- 
formed. 

[0015] This reduces the possibility of preventing the 
bipod flow toward the lower limbs, and facilitates an In- 
crease of the flow rate of the cardiac muscle protective 
drug. Also, calcification or meandering of the blood ves- 
sel in the lower limb or the aorta does not present prob- 
lems. 

^ [0016] However, the above prior art occlusion cathe- 
ter cannot be used to insert directly into the ascending 
aorta in the vicinity of the heart to obstruct the blood flow. 
Particularly, since the direction of inserting the occlusion 
catheter is opposite to the direction when the occlusion 

55 catheter is inserted through the femora! aorta, a new 
problem is caused that the cardiac muscle protective 
drug, which is released from the distal end. flows toward 
the lower limbs instead of being delivered to the coro- 
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nary artery. 

[0017] The inventors therefore completed the occlu- 
sion catheter of the present invention to also solve the 
new problem. 

[001 8] The occlusion catheter of the present invention 
comprises: a catheter tube having at least a first lumen 
and a second lumen independent of each other, and a 
balloon provided on the outer circumference of the distal 
end of the catheter tube for being inflated/deflated in ac- 
cordance with supply or drainage of the fluid through the 
first lumen in order to obstruct the blood flow within the 
ascending aorta when inflated, the catheter tube being 
provided with a drug release aperture for releasing a 
drug supplied through the second lumen in the position 
doser to the proximal end than the site where the blood 
flow is obstructed by the balloon on the outer circumfer- 
ence of the distal end of the catheter tube. 
[0019] The present occlusion catheter, even when it 
is inserted directly into the ascending aorta in the vicinity 
of the heart to obstruct the blood flow, enables delivery 
of a drug such as a cardiac muscle protective drug to 
the vicinity of the coronary ostium by supplying the drug 
through the second lumen. 

[0020] Further, since the occlusion catheter is insert- 
ed directly into the ascending aorta in the vicinity of the 
heart instead of being inserted through the femoral ar- 
tery in the conventional manner, the blood flow toward 
the lower limbs is not prevented, and the flow rate of the 
drug such as the cardiac muscle protective drug can 
easily be increased. Also, calcification or meandering of 
the blood vessel in the lower limb or the aorta does not 
present problems at the insertion of the catheter 
[0021 ] In another aspect of the present invention, the 
occlusion catheter comprises: a catheter tube having at 
least a first lumen and a second lumen Independent of 
each other; and a balloon provided on the outer circunv 
fererx:e of the distal end of the catheter tube for being 
inflated/deflated in accordance with supply or drainage 
of the fluid through the first lumen to obstruct the blood 
flow within the ascending aorta when inflated, the bal- 
loon having a configuration with a concavity on the outer 
surface at least when inflated and being joined to the 
catheter tube in the concavity, the catheter tube being 
provided with a side aperture for communicating the out- 
side of the catheter tube and the second lumen in the 
different position from a concavity of the balloon, and 
the side aperture enabling release of a drug therefrom 
by supplying the drug through the second lumen. 
[0022] The concavity is a region in which the balloon 
sinks toward its Inside and also is joined to the catheter 
tube. The concavity may be previously formed at the 
time of fomning the t)alloon or may be fomned as the re- 
sult of the balloon, which Is made of a substantially elas- 
tic material expanding in the axial direction of the cath- 
eter tube when inflated. With such a concavity, in the 
case where the catheter tube is slightly displaced In the 
axial direction, the concavity is defonmed to expand to- 
ward the outside of the balloon in accordance with the 



displacement of the catheter tube and without having 
the balloon displaced. Thus, the balloon can easily be 
retained in the proper indwelling position without being 
displaced. 

5 [0023] in a further aspect of the present invention, the 
occlusion catheter comprises: a catheter tube having at 
least a first lumen and a second lumen independent of 
each other; and a balloon provided on the outer circum- 
ference of the distal end of the catheter tube for being 

10 inflated/deflated In accordance with supply or drainage 
of the fluid through the first lumen to obstruct the blood 
flow within the ascending aorta when inflated, the bal- 
loon having a configuration with a depression in a part 
of the center of the balloon at least when inflated and 

IS being joined to said catheter tube in the depression, and 
the catheter tube being provided with a side aperture in 
the side wall in the depression of the balloon, for com- 
municating the outside of the catheter tube and the sec- 
ond lumen to enable release of a drug from the side ap- 

20 erture by supplying the drug through the second lumen. 
[0024] With the structure as above, when the occlu- 
sion catheter is inserted approximately perpendicular to 
a blood vessel, the balloon is supported by the blood 
vessel wall symmetrically relative to the catheter tube, 

25 and is retained in the proper indwelling position within 
the blood vessel. Thus, the balloon is not displaced by 
the blood flow from a pump oxygenator or the injection 
pressure of the cardiac muscle protective drug, and 
therefore the tube is not required to have an excessive 

30 rigidity. Also, this structure allows the balloon to be rel- 
atively small white keeping the same advamtage as de- 
scribed above. 

[0025] The above described occlusion catheter pref- 
erably has a portion, from the distal end of the catheter 
35 tube to the position a predetenmlned distance away from 
the distal end, which is reinforced by a reinforcement 
member. This improves the position retainability of the 
occlusion catheter. 

[0026] In another aspect of the present invention, an 
occlusion catheter for the ascending aorta comprises: a 
catheter tube having two or more lumens, including at 
least a first lumen and a second lumen fomrted there- 
within; a balloon provided on the outer circumference of 
the distal end of the catheter tube for being inflated^de- 

45 fiated in accordance with supply or drainage of the fluid 
through the first lijmen in order to obstruct the blood flow 
within the ascending aorta when inflated, the catheter 
tube being provided with a side aperture in the position 
closer to the proximal end than the balloon, for commu* 

50 nicating the outside of the catheter tube and the second 
lumen to enable release of a drug from the side aperture 
by supplying the drug through the second lumen; and a 
valve provided within the second lumen having a struc- 
. ture capable of passing a guide wire therethrough and 

55 shutting the fluid flow at least when the guide wire is not 
passed. 

[0027] In the occlusion catheter having such a struc- 
ture, the vah^e provided inside the second lumen allows 
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the guide wire to pass through the valve, and the second 
lumen maybe used as a guide wire insertion lumen. 
[0028] Moreover, the valve prevents the blood in the 
blood vessel from flowing into the second lunnen through 
an opening provided at the distal tip end (hereinafter re- 
ferred to as "a distal end opening") of the catheter tube, 
while, at the same time, preventing the fluid in the sec- 
ond lumen from flowing out into the blood vessel. There- 
fore, the second iumen may be used for purposes other 
than guide wire insertion. 

[0029] In the occlusion catheter as above, the guide 
wire is passed through a short section from the distal 
end opening to the side aperture of the catheter tube. 
Accordingly, when the guide wire is placed in a patienfs 
body and a portion of the guide wire exposed to the out- 
side of the body is relativety short, the portion can be 
passed through the section from the distal end opening 
to the side aperture of the catheter tube. Therefore, 
compared with a catheter having a guide wire insertion 
lumen throughout the length of the catheter, there is no 
need of using an excessively long guide wire or connect- 
ing another guide wire for extension to the guide wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Preferred embodiments of the present inven- 
tion will be described hereinafter with reference to the 
drawings, in which: 

FIG. 1 is a side view of an occlusion catheter ac- 
cording to a first embodiment of the invention; 
FIG 2 is a cross-sectional view of the occlusion 
catheter shown in FIG. 1 taken along line H-ll; 
FIGS. 3A through 30 are schematic views showing 
modifications of the positions for forming drug re- 
lease apertures: 

FIGS. 4A through 40 are exemplary views illustrat- 
ing how to use the occlusion catheter; 
FIG 5 is a schematic diagram showing the opera- 
tional state of the above occlusion catheter; 
FIG. 6 is a side view of an occlusion catheter ac- 
cording to a second embodiment of the invention; 
FIG. 7A is a longitudinal sectional view in the vicinity 
of the balloon of the occlusion catheter shown in 
FIG. 6; 

FIG 7B is a sectional view of the tip end of a cath- 
eter lube; 

FIGS. 8A through 80 show how concavities provid- 
ed in the balloon are transfomned; 
FIG 9 is a schematic diagram showing the opera- 
tional state of the occlusion catheter according to 
the second embodiment; 

FIG. 1 0A is a schematic view of an occlusion cath- 
eter reinforced with a linear metal wire; 
FIG. 1 0B is a schematic view of an occlusion cath- 
eter reinforced with a spiral reinforcing member; 
FIGS. 11 A through 110 are cross-sectional views 
showing nK>dified reinforcement menrt>ers; 



Rrst Embodiment 

[0031] As shown in Fig. 1 , an occlusion catheter for 
the ascending aorta 1 according to the present invention 
is provided with a catheter tube 3, a balloon 5, a first 
connector 7, a second connector 8, a third connector 9 
and a tie cushion 11 , etc. 

[0032] The catheter tube 3 made of polyurelhane is 
long enough to include a portion with a length of 400mm 
and an outer diameter of 3.6mm which is insertable into 
a blood vessel. As shown in FIG. 2, a first lumen 15, a 
second lumen 1 7 and a third lumen 1 9 are formed sep- 
arately from one another within the catheter tube 3. 
[0033] The first lumen 1 5 has one end communicating 
with the first connector 7 through a first auxiliary tube 7a 
and the other end communicating with a plurality of in- 
flation agent supply and drainage apertures 21 having 
a diameter of 1 mm and formed inside the balloon 5. The 
first lumen 15 is used as a path for guiding an inflation 
agent (e.g. a physiological salt solution) supplied from 
the first connector 7 side to the inside of the balloon 5. 
At least one inflation agent supply and drainage aper- 
ture 21 is preferably an^anged in a region adjoining a 
joint of the balloon 5 and the catheter tube 3. It is be- 
cause when an operation of filling the balloon 5 with the 
inflation agent to remove air bubbles before insertion of 
the catheter is perfonned, air bubbles can easily be re- 
moved through the above supply and drainage aperture 
21 arranged In the region adjoining the above joint. It is 
also preferable that the circumference of the supply and 
drainage aperture 21 is colored (black, for example) to 
improve visibility and facilitate guidance of air bubbles 
to the supply and drainage aperture 21 . 
[0034] The second lumen 1 7 has one end communis 
eating with the second connector 8 through a second 
auxiliary tube 8a and the other end communicating with 
drug release apertures 23 each aperture having a diam- 
55 eter of 1 .5mm and being formed in the side wall of the 
catheter tube 3 closer to the proximal end than the bal- 
loon 5. The second lumen 17 is used as a passage for 
guiding a drug (e.g. a cardiac muscle protective drug) 



FIG. 12A and FIG. 12B are a front view and a plan 
view, respectively* in the vicinity of the balloon of an 
occlusion catheter according to a third embodiment; 
FIG. 13 is a schematic diagram showing the oper- 
5 ational state of the occlusion catheter according to 
the third ennbodiment; 

FIG. 14A and FIG. 14B are schematic views illus- 
trating how the balloon according to the third em- 
bodiment is retained in an indwelling position; and 
10 FIG. 15A and FIG. 15B are schematic views show- 
ing a modification of the occlusion catheter accord- 
ing to the third embodiment and the balloon used 
therein. 

15 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIIMENTS 
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injected from the second connector 8 side to the drug 
release aperture 23. 

[0035] The third lumen 19 has one end communicat- 
ing with the third connector 9 through a third auxiliary 
tube 9a and the other end comnnunicating with a blood 
pressure measuring aperture 25 having a diameter of 
0.8mm and formed in the side wall of the catheter tube 
3 closer to the proximal end than the balloon 5. The third 
lumen 1 9 is used for measuring the blood pressure out- 
side the blood pressure measuring aperture 25 with a 
pressure sensor (not shown) connected to the third con- 
nector 9 via a liquid (blood, a physiological salt solution, 
or the like) which is introduced into the third lumen 19. 
[0036] The balloon 5 is made of polyurethane and has 
a length of 30mm, an outer diameter of 20mm ( the nrx)ld- 
ed dimension) and a film thickness of 75 nm. The outer 
diameter can be increased further to such an extent that 
the balloon 5 occludes the ascending aorta, as indicated 
by a dotted line in FIG. 1 . 

[0037] The tie cushion 11 is a hollow cylindrical mem- 
t>er which facilitates secure fixation of a Nelaton's tube 
(not shown) to the catheter tube 3 when tying them with 
a thread and prevents crash of the tube 3 by the external 
force at the same time. 

[0038] It is preferable to house a metal wire 22 in the 
catheter tube 3 in order to improve stability when the 
tube 3 is placed in an indwelling position. Detailed de- 
scription of the metal wire will be presented in connec- 
tion with a second embodiment of the present invention. 
[0039] While the two drug release apertures 23 are 
formed in the same direction in the above catheter tube 
3. it is possible to form two drug release apertures 31 in 
two different directions as shown in FIG.3A. Inthiscase, 
even if one of the dmg release apertures 31 is shut tight 
by a blood vessel wall, the drug can be surely released 
from the other drug release aperture 31 . 
[0040] To avoid the possibility of decreasing the 
strength of the catheter tube 3 around the region where 
the drug release apertures 31 are formed in the same 
axial position of the catheter tube 3, a plurality of drug 
release apertures 33 are preferably formed in different 
axial positions of the catheter tube 3, as shown in FIG. 
3B. In the case where four drug release apertures 33 
are arranged spirally as shown in FIG. 3B, these aper- 
tures are not in the same axial position of the catheter 
tube 3 and the drug are released in four different direc- 
tions. 

[0041] Releasing the drug in four different directions 
does not always require the drug release apertures to 
be arranged spirally and allows drug release apertures 
35, for example, to be arranged as shown in FIG. 3C. 
[0042] An example of how to use the occlusion cath- 
eter 1 will now be described. 

-[0043] — Fi r st l y, the chesl of a patient is iiicii>ud t o e x- 
pose the ascending aorta and the ascending aorta is 
perforated at an insertion site P thereon (FIG. 4A). The 
usual perforation at the insertion site P includes punc- 
ture using a needle to provide a hole and expansion of 



8 

the hole with a dilator, but other methods may be em- 
ployed. 

[0044] Subsequently the above occlusion catheter 1 
is inserted into the ascending aorta Q (FIG. 4B) and then 
5 fixed by ligating the surrounding of the insertion site with 
a suture thread by cigarette suture technique. The su- 
ture thread used for ligation is passed through, for ex- 
ample, the Nelaton's tube and fixed to the Nelaton's tube 
in a position distant from the insertion site using a mos- 
quito clamp or the like in order to prevent the thread from 
loosening In the ligated part. The Nelaton's tube in turn 
is Fixed to the catheter tube 3 by tying the same with a 
thread within the region of the tie cushion 11. The bal- 
loon 5 is placed in the proper indwelling position while 
checking the position by X-ray fluoroscopy, and then is 
inflated (FIG. 4C). As a result, the ascending aorta is 
occluded by the balloon 5, as shown in FIG. 5. The ob- 
struction of the blood f tow is conf irnied by angiography, 
and If necessary, a cardiac muscle protective drug is re* 
leased from the drug release aperture 25 (FIG. 4D) to 
be delwered to the vicinity of the coronary ostium R and 
therefore to the coronary artery S. 
[0045] As described above, use of the occlusion cath- 
eter 1 permits a surgeon when perfomning a cardiac sur- 
gery to insert the occlusion catheter 1 directly into the 
ascending aorta in the vicinity of the heart after making 
an incision in the chest so that the blood flow can be 
obstructed as well as the cardiac muscle protective drug 
(indicated by the an-ows in FIG. 5) can be delivered to 
the vicinity of the coronary ostium R by supplying the 
cardiac muscle protective drug through the second lu- 
men 1 7. 

[0046] Thus, even when a cross-clamp is not or can- 
not be used, it is unnecessary to insert an occlusion 
catheter through a femoral artery, with the result that hin- 
drance of the blood flow toward the lower limb is pre- 
vented, that the flow rate of the dmg such as a cardiac 
muscle protective drug can be easily increased, and that 
a calcified or meandering blood vessel of the lower limb 
does not become an obstacle upon insertton of the cath- 
eter. 

Second Embodiment 

[0047] As shown in Fig. 6, an occlusion catheter 1 01 
according to a second embodiment of the present in- 
vention is provided with a catheter tube 103, a balloon 
105, a first connector 7, a second connector 8, a third 
connector 9 and a tie cushion 111 , etc. 
so [0048] The catheter tube 103 made of polyurethane 
is long, and a first lumen 115 and a second lumen 117 
are formed therein separately from each other as shown 
in FIG. 7A. 

[ed49] — Th e f i rst l umen 11 5 has one ond communk:at 

55 ing with the first connector 7 through a first auxiliary tube 
7a (see FIG. 6) and the other end communicating with 
a plurality of Inflation agent supply and drainage aper- 
tures 1 21 formed inside the balloon 1 05. The first lumen 
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115 Is used as a passage for guiding an Inflation agent 
(e g. a physiological salt solution) supplied from the first 
cc ^nector 7 side to the inside of the balloon 105. 
[0050] The second lumen 11 7 has one end commu- 
nicating with the second connector 8 through a second 
auxiliary tube 8a. the other end communicating with a 
distal end opening 123 foimed at the distal end of the 
catheter tut>e 103. and a side aperture 125 communi- 
cating the second lumen 117 and the outside of the cath- 
eter tube 103, the side aperture 125 being arranged 
closer to the proximal end than the balloon 105. One 
portion of the second lumen 117 from the distal end 
opening 1 23 to the side aperture 1 25 is used for passing 
a guide wire W therethrough. The other portion of the 
second lumen 1 1 7 from the side aperture 1 25 to the sec- 
ond connectors is usedfor guiding a drug (e.g. acardiac 
muscle protective drug) injected from the second con- 
nector 8 side to the side aperture 1 25, and for measuring 
the blood pressure outside the side aperture 125 with a 
pressure sensor (not shown) connected to the second 
connector 8, 

[0051 J The second lumen 1 1 7 is provided with a valve 
127 therein, which Is made of an elastic body having 
rubber elasticity (e.g. silicone rubber in the present em- 
bodiment). The valve 127 has an insertion hole to pass 
the guide wire W therethrough, the insertion hole being 
shut tight to prevent the fluid from flowing through at 
least when the guide wire is not inserted into the inser- 
tion hole, as shown In 7B. Thus, when the drug is inject- 
ed from the second connector 8 side into the second 
lumen 117, the drug is all released from the side aper- 
ture 125 without escaping from the distal end opening 
123. When the guide wire W is pressed against the in- 
sertion hole, the valve 1 27 is elastically deformed by the 
force from the guide wire W and the guide wire W Is al- 
lowed to pass through the insertion hole expanded due 
to the elastic deformation. 

[0052] The balloon 105 is a bag made of a poly- 
urethane thin film (e.g. having a film thickness of 75 ^im 
In the present embodiment) and has a size large enough 
to occlude the ascending aorta once Inflated The bal- 
loon 105 made of polyurethane has an advantage that 
when Inflated, a desired configuration can be obtained 
more easily than a balloon made of a rubber material 
The balloon 105 has at its both ends, concavities 131 
and 132 depressed toward the inside of the balloon 1 05. 
and therefore has an apple-like shape as a whole. 
These concavities 131 and 132 are formed by joining 
both ends of the balloon 105 to the catheter tube 103 in 
such a manner that the distance between the two joined 
parts Is shorter than the entire length of the balloon 1 05. 
[0053] Once the balloon 105 is inflated in the proper 
indwelling position in the blood vessel V as shown in 
FIG. 8A and if the catheter tube 103 is displaced for 
some reason, the concavity 131 becomes convex while 
the concavity 132 becomes further concave as shown 
in FIG. 8B. This prevents the balloon 105 from being 
displaced by f olk>wing the catheter tube 1 03. ff the cath- 



eter tube 103 Is displaced in the opposite direction to 
the above case, the concavity 132 becomes convex 
while the concavity 131 becomes further concave as 
shown in FIG. 8C, whereby the balloon catheter 105 is 
5 prevented from being displaced by following the cathe- 
ter tube 103. 

[0054] The tie cushion 111 Is a cylindrical memberfor 
preventing the catheter tube 103 from being adversely 
affected by the force caused when a Nelaton's tube (not 
10 shown) is tied and secured to the catheter tube 1 03 with 
a thread. 

[0055] It will now be described how to use the occlu- 
sion catheter 1 01 of the second embodiment. 
[0056] Rrstly, the chest of a patient is incised to ex- 

15 pose the ascending aorta and the ascending aorta is 
perforated to provide a hole In an Insertion site thereon. 
Then, the guide wire W is inserted to secure an insertion 
route and the hole Is expanded with a dilator operated 
ak>ng the guide wire W. 

20 [0057] Subsequently, the above occlusion catheter 
101 is inserted into the ascending aorta atong the guide 
wire W, and the balloon 105 is placed in the proper ind- 
welling position by locating the balloon 105 using X-ray 
fluoroscopy. The second lumen 11 7 in the catheter tube 

25 103 is used as a lumen for guide wire insertion. 

[0058] After the guide wire W is pulled out, the balloon 
105 Is Inflated by supplying an Inflation agent through 
the first lumen 115. As a result, the ascending aorta Q 
is occluded by the balloon 105, as shown in FIG. 9. The 

30 obstructk>n of the blood flow is to be confinned by ang- 
iography. 

[0059] When required, a cardiac muscle protective 
drug is supplied through the second lumen 117 to be 
released from the side aperture 125 (indk:ated by the 

35 arrow in FIG. 9), with the result that the cardiac muscle 
protective drug is delivered to the vicinity of the coronary 
ostium R. While the second lumen 1 1 7 is used as a drug 
delivery lumen In this case, the second lumen 1 1 7 Is also 
used for measuring the blood pressure outside the side 

40 aperture 125 with a pressure sensor connected to the 
second connector 8. 

[0060] As described above, the occlusion catheter 
1 01 with a valve 1 27 allows the second lumen 1 1 7 to be 
used for three purposes, t.e. for guide wire insertion, 

45 drug delivery and blood pressure measurement at the 
same time. By this, the diameter of the catheter tube 
103 can be reduced compared with the catheter tube 
containing independent lumens corresponding to these 
purposes, respectively, and therefore the catheter tube 

50 1 03 can be more flexible. Thus, the displacement of the 
catheter tube 103 at the proximal end does not directly 
affect the position of the distal end, and specifk^tty the 
balloon 105 is not displaced from the proper indwelling 
position because of a slight displacement of the proxi- 

55 mal end of the catheter tube 1 03. 

[0061] In the occlusion catheter 101, the displace- 
ment of the catheter tube 103 also can be absorbed by 
defonmingthe concavities 131 and 132 whk:h are pro- 
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vided for the balloon 105. Therefore, even if the dis- 
placement of the catheter tube 103 at the proximal end 
reaches the distal end, the displacennent of the catheter 
tube 103 at the distal end still does not directly reach 
the center portion of the balloon 105, which is not dis- 5 
placed from the proper indwelling position because of a 
slight displacement of the proximal end of the catheter 
tube 103. 

[0062] Although the present invention has been de- 
scribed by way of examples, the present invention is not io 
limited to the aforementioned embodiments, and can 
variously be modified. 

[0063] For example, although the occlusion catheter 
101 is provided with the valve 127 in the catheter tube 
103 as well as the concavities 131 and 132 in the balloon ^5 
1 05. the balloon 1 05 need not be provided with the con- 
cavities 1 31 and 1 32 if the diameter of the catheter tube 
103 is reduced enough, by providing the valve 127 for 
the catheter tube 103, to achieve the advantage of re- 
taining the balloon 1 05 in the proper indwelling position. 20 
[0064] Oppositely, the catheter tube 1 03 need not be 
provided with the valve 1 27 if the balloon 1 05 is provided 
with the concavities 131 and 132 to achieve the same 
advantage of retaining the balloon 106 in the proper in- 
dwelling position. It is also possible to provide a balloon 2s 
catheter without a lumen for guide wire insertion if not 
required, wherein the balloon catheter is inserted with- 
out using a guide wire and the same advantage of re- 
taining the balloon 105 in the proper indwelling position 
can be achieved by providing the concavities 131 and 30 
132 in the balloon 105. 

[0065] In this case, a catheter tube 203 preferably 
contains a linear metal wire 222 or a spiral reinforcing 
member 223 therewithin. as shown in FIG. 10A or FIG. 
1 0B, in order to improve position retainability of the cath- 35 
eter. The material for the metal wire 222 is an elastic 
material, such as nickel-titanium alloy or stainless steel 
alloy (e .g. SUS304 according to JIS(Japanese Industrial 
Standards)), or an inelastic nDaterial, such as stainless 
steel alloy (SUS31 6 according to JIS) or copper. As the 40 
material for the spiral reinforcing member 223, a resin 
which is harder than the material for the catheter Xube 
203 may be employed in addition to the above-men- 
tioned materials for the metal wire 222. The metal wire 
222 or the spiral reinforcing member 223 has a given ^5 
length, which preferably ranges from 5cm to 20cm, from 
the cfistat end of the catheter tube 203. 
[0066] With the metal wire 222 contained, the catheter 
tube may have a configuration having the same outer 
diameter in the portion from the distal end to the mid- 50 
section (beyond the part to be fixed with the tie cushion 
toward the proximal end) and having a decreasing outer 
diameter, i.e. tapered, from the midsection toward the 
proximal end. This structure can effectively avoid a kink 
in the catheter which is anticipated being caused due to 55 
a sudden change of flexural strength of the catheter on 
the borderiine between the metal wire and a supporting 
portion for supporting or fastening the wire. 



[0067] A metal pipe, a flat metal plate or a solid metal 
cylinder may be employed instead of the linear metal 
wire 222 or the spiral reinforcing member 223. FIGS. 
11A through 11D show these examples. In FIG. 11A, a 
blood pressure measuring lumen 219 contains a metal 
pipe 224, which serves to reinforce the front end of the 
catheter tube and is used for blood pressure measure- 
ment with a fluid passing through the pipe. In FIG. 11 B, 
a partition wall 220 separating a first lumen 215 and a 
third lumen 219 from a second lumen 217 contains a 
metal plate 225. In FIG. 11C, the partition wall 220 con- 
tains a metal pipe 226. In FIG. 11D, the partition wall 
220 contains a solid metal cylinder 227. 
[0068] Although the second lumen 11 7 in the second 
embodiment is used for guide wire insertion, drug deliv- 
ery and blood pressure measurement at the same time 
by providing the side aperture 125, the second lumen 
may have a structure without the side aperture 1 25 If the 
second lumen 1 1 7 is used, for example, for filling a con- 
trast agent therein to obtain images of the catheter tube 
103. Even when such a structure is employed, one lu- 
men can be used for both guide wire insertion and con- 
trast agent filling, and therefore the diameter of the cath- 
eter tube 103 is reduced to provide an advantage of re- 
taining the balloon 1 05 in the proper indwelling position. 
[0069] Although the guide wire W is led out through 
the side aperture 125 in the second embodiment, the 
guide wire W may be passed throughout the length of 
the catheter tube 103. In this case, since it is unneces- 
sary to pass the guide wire W through the side aperture 
125. a plurality of openings each opening having a small 
area may be provided instead of the side aperture 125. 
[0070] When these plurality of openings are provkled 
in different directions, even if one of the openings is shut 
by the blood vessel wall, release of the drug is ensured 
through the rest of the openings. Some of the plurality 
of openings, of course, may be such that the guide wire 
W can be inserted thereinto. 

[0071] Although it has been described that the occlu- 
sion catheter 1 01 is used for obstructing the blood flow 
in the ascending aorta, the occlusion catheter according 
to the invention used for obstructing the blood flow in a 
blood vessel other than the ascending aorta achieves 
the same advantage that the balloon is retained In the 
proper indwelling position. Moreover, when the occlu- 
sion catheter for ascending aorta according to the 
present invention is used for widening a narrowed part 
of a blood vessel, widening effect is further ensured be- 
cause the balloon can be retained in the proper indwell- 
ing position. 

Third Embodiment 

[0072] In a third embodiment, a side aperture 326 for 
releasing the drug therefrom is provkied in a catheter 
tube 303 in the position corresponding to the approxi- 
mate center of a balloon 305, as shown in FIGS. 12A 
and 12B. The balloon 305 has concavities 331 and 332 
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on the outer surface when inflated in the same manner 
as in the second embodiment, and also has a depres- 
sion in a part of the center portion of the balloon 305. 
The balloon 305 is joined to the catheter tube 303 within 
the depression and the concavities. At the bottom of the 
depression is provided the side aperture 325 for com- 
municatingthe second lumen 31 7 with the outside of the 
catheter tube 303 (see FIG. 13). Since the other ele- 
ments are similar to the elements in the first embodi- 
ment, particular description is omitted. 
[0073] An occlusion catheter according to the present 
embodiment, as schematically illustrated in FIG, 13, is 
inserted into the ascending aorta as in the first and the 
second embodiments. An inflation agent is injected 
through an inflation agent supply and drainage aperture 
321 to the balloon 305, which is thereby inflated. Once 
inflated, the balloon 305 is fixed on the blood vessel wail 
by the pressure from inside the balloon 305. Especially 
when the catheter tube 303 is inserted approximately 
perpendicular to the blood vessel, as shown in FIG. 13, 
improved retainability is achieved since the front and the 
rear of the catheter tube 303 are symmetrically support- 
ed by the balloon. 

[0074] Thus, even if a pressure PP (indicated by the 
anrow in FIG. 13) is applied within the artery connected 
to a pump oxygenator on the opposite side of the heart, 
the indwelling position of the balloon 305 is not to be 
changed, that is, improved position retainability is 
achieved. In such a state, a cardiac muscle protective 
drug is injected into the vicinity of the coronary ostium 
R through the side aperture 325. Even if the injection 
pressure of the cardiac muscle protective drug becomes 
rather high, the position retainability of the balloon is al- 
so secured. 

[0075] While FIG. 1 3 shows the state of the occlusion 
catheter inserted approxlmat^y perpendicularly into the 
ascending aorta, FIGS. 14A and 14B show the state of 
the occlusion catheter inserted slantingly into the as- 
cending aorta. Even in each of these cases, the total 
contact area of the balloon 305 with the blood vessel 
wall does not substantially vary and is large enough to 
provide a sufficient pressure, so that the position retain- 
ability of the balloon is also secured. 
[0076] FIG. 15 shows an occlusion catheter with abal- 
loon 405 having a generally spherical configuration ex- 
cept for a depression 433. The balloon 405 shown in 
FIG. 15A is originally a spherical member 405a shown 
in FIG. 15B before being fixed to the catheter tube 403. 
The spherical member 405a has, at its both ends, fixing 
portions 405b and 405c to be fixed to the catheter tube 
403. The fixing portion 405b to be fixed to the front end 
of the catheter tube 403 is folded back to the inside and 
joined to the catheter tube 403, while the other fixing 
portion 405c is joined to the catheter tube 403 as it 
stands. As shown in FIG. 15A, the cardiac muscle pro- 
tective drug can be delivered through a side aperture 
425 f onmed in the catheter tube 403 . The occlusion cath- 
eter shown in FIG. 15A achieves the same position re- 



tainability as in FIG. 13. 

[0077] Although the occlusion catheter according to 
each of the above-described embodiments is inserted 
after opening the chest to expose the ascending aorta, 
5 such an opening of the chest Is not always necessary. 
For example, it is possible to make a hole in the chest 
to provide access to the ascending aorta from the out- 
side, and insert the occlusion catheter into the ascend- 
ing aorta through the hole. 
10 [0078] An occlusion catheter for the ascending aorta 
capable of obstructing the blood flow within the ascend- 
ing aorta without inserting through the femoral artery. 
The occlusion catheter is provided with a drug release 
aperture formed in the regk>n, which is ck)ser to the 
15 proximal end of the catheter tut>e than a balloon on the 
outer circumference of the distal end and which is to be 
located in the vicinity of the coronary ostium when the 
balloon is placed within the ascending aorta. The 
present occlusk)n catheter, when inserted directly into 
the ascending aorta in the vfcinity of the heart to ot>struct 
the blood flow therewithin, enables delivery of a cardiac 
musde protective drug to the vk:inity of the coronary os- 
tium without inserting the occlusion catheter through the 
femoral artery in the conventional manner 



Claims 

1 . An occlusion catheter for the ascending aorta com- 
30 prising: 

a catheter tube having at least a first lumen and 
a second lumen independent of each other; and 
a balloon provided on the outer circumference 
35 of the distal end of said catheter tube for being 

inflated/deflated in accordance with supply or 
drainage of a fluid through said first lumen in 
order to obstruct the blood flow within the as- 
cending aorta when inflated, 
40 said catheter tube being provided with a drug 

release aperture for releasing a drug supplied 
through said second lumen in the position clos- 
er to the proximal end than the site where the 
blood flow is obstructed by said balloon on the 
45 outer circumference of the distal end of said 

catheter tube. 

2. The occlusion catheter for the ascending aorta ac- 
cording to claim 1 , wherein at least two drug release 

50 apertures are formed more proximalty than said bat- 
loon in different directions, respectively. 

3. The occlusion catheter for the ascending aorta ac- 
cording to claim 2, wherein said at least two drug 

55 release apertures are formed in different positions, 
respectively, relative to the axial directk>n of said 
tube. 
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8. 



9. 



Ke occlusion catheter for the ascending aorta ac- 
<:ording to claim 1 . wherein said balloon is made of 
polyurethane. 

The occlusion catheter for the ascending aorta ac- 
cording to claim 1 , wherein said catheter tube in- 
cludes a portion from the distal end to a point a pre- 
determined distance away therefrom being rein- 
forced with a reinforcement member. 

An occlusion catheter for the ascending aorta conrv 
prising: 

a catheter tube having at least a first lumen and 
a second lumen Independent of each other; and 
a balloon provided on the outer drcumference 
of the distal end of said catheter tube for being 
inflated/deflated in accordance with supply or 
drainage of the fluid through said first lumen in 
order to obstruct the blood flow within the as- 
cending aorta when inflated, said balloon hav- 
ing a configuration with a concavity on the outer 
surface at least when inflated and being joined 
to said catheter tube in sard concavity, 
said catheter tube being provided with a side 
aperture in the side wall of said catheter tube 
in the different position from said concavity of 
said balloon, for communicating the outside of 
said catheter tube and said second lumen to 
enable release of a drug from said side aperture 
by supplying the drug through said second lu- 
men. 

The occlusion catheter for the ascending aorta ac- 
cording to claim 6, wherein said concavity is fonned 
at each end of said balloon. 

The occlusion catheter for the ascending aorta ac- 
cording to claim 6, wherein said catheter tube in- 
cludes a portion from the distal end to a point a pre- 
detenrrnned distance away therefrom being rein- 
forced with a reinforcement member 

An occlusion catheter for the ascending aorta com- 
prising: 

a catheter tube having at least a first lumen and 
a second lumen independent of each other; and 
a balloon provided on the outer circumference 
of the distal end of said catheter tube for being 
inflated/deflated in accordance with supply or 
drainage of the fluid through said first lumen in 
order to obstruct the blood flow within the as- 
cending aorta when inflated, said balloon hav- 
ing a configuration with a depression in a part 
of the center of said balloon at least when in- 
flated and being joined to said catheter tube in 
said depression. 



said catheter tube being provided with a side 
aperture on the side thereof in said depression 
of said balloon, for communicating the outside 
of said catheter tube and said second lumen to 
5 enable release of a drug from said side aperture 

by supplying the drug through said second lu- 
men. 

10. The occlusion catheter for the ascending aorta ac- 
10 cording to claim 9, wherein said catheter tube in- 
cludes a portion from the distal end to a predeter- 
mined distance away therefrom being reinforced 
with a reinforcement member. 

15 11 . An occlusion catheter for the ascending aorta com- 
prising: 

a catheter tube having two or more lumens, in- 
cluding at least a first lumen and a second lu- 

20 rnen formed therewithin; 

a balloon provided on the outer circumference 
of the distal end of said catheter tube for being 
inflated/deflated in accordance with supply or 
drainage of the fluid through said first lumen in 

25 order to obstruct the blood flow within the as- 

cending aorta when inflated, 
said catheter tube being provided with a side 
aperture in the position closer to the proximal 
end than said balloon for communicating the 

30 outside of said catheter tube and said second 

lumen to enable release of a drug from said side 
aperture by supplying the drug through said 
second lumen; and 

a valve provided within said second lumen hav- 
35 ing a structure capable of passing a guide wire 

therethrough and shutting the fluid flow at least 
when the guide wire is not passed. 

12. The occlusion catheter for the ascending aorta ac- 
40 cording to claim 1 1 , wherein said valve is made of 

an elastic body having an insertion hole, said inser- 
tion hole being shut tight at least when the guide 
wire is not passed therethrough and expanded due 
to the elastic def omiation of said elastic body when 
45 the guide wire Is inserted into said insertion hole. 

13. The occlusion catheter for the ascending aorta ac- 
cording to claim 12, wherein said side aperture al- 
low the guide wire to be inserted therethrough. 

50 

14. A method of using an occlusion catheter for the as- 
cending aorta, comprising the steps of: 

making an incision or a hole in the chest to pro- 
55 vide access to the ascending aorta from the 

outside and creating an opening at an insertion 
site of the ascending aorta, then expanding 
said opening with a dilator; 
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inserting the occlusion catheter for the ascend- 
ing aorta into the ascending aorta through said 
opening and fixing the occlusion catheter to the 
ascending aorta; 

placing a balloon in a proper indwelling position 
and inflating the balloon to occlude the ascend- 
ing aorta; and 

releasing a cardiac muscle protective drug from 
a drug release aperture to deliver the cardiac 
muscle protective dmg to the vicinity of the cor- 
onary ostium. 
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